A soybean protein fraction was prepared from defatted soybean seed flour and digested with 29 kinds of commercially available protease originating from preparations of animals, plants, and microorganisms. Some digests, in particular, Ro-digest prepared using a Rhizopus oryzae neutral protease preparation (Peptidase R), displayed strong 
A soybean protein fraction was prepared from defatted soybean seed flour and digested with 29 kinds of commercially available protease originating from preparations of animals, plants, and microorganisms. Some digests, in particular, Ro-digest prepared using a Rhizopus oryzae neutral protease preparation (Peptidase R anti-hypercholesterolemic and antitumor activities [1] [2] [3] . Some of these functions have been reported to be due to soybean proteins and their digests. Tamaru et al. [4] found that a low molecular weight peptide fraction from soybean protein isolate digested with
Protin SD-AY10 displayed triglyceride-lowering activity in rats fed a cholesterol-enriched diet. Kim et al. [5] reported that the peptide corresponding to residues 83 to 89 of soybean glycinin showed cytotoxic activity toward P388D1, a mouse monocyte macrophage cell line. In addition, Jeong et al. [6] found that lunasin (a small subunit of 2S albumin) inhibited the carcinogenesis of mouse fibroblast NIH 3T3 cells induced by chemical carcinogens such as DMBA and MNU. These reports suggest that soybean proteins and their digests might be utilized as functional food additives with hypocholesterolemic and antitumor activities.
The immune system plays an important role in host defense against microorganisms, and is divided into two groups: innate and adaptive immunities. The former forms the first line of defense against attacks by pathogens, and is mediated by have been demonstrated to modulate immune systems. Artym et al. [7] found that oral administration of lactoferrin improved the humoral immune response in immunodeficient mice. Hata et al. [8] isolated a peptide with mitogenic activity toward mouse spleen cells from αs1-casein digested with trypsin, and identified the peptide casein phosphopeptide (CPP), which corresponds to residues 59 to 79 of αs1-casein.
Otani et al. [9, 10] found that the oral administration of a commercially available CPP preparation enhanced mucosal IgA responses in mice and piglets. In addition, Otani and
Wakatsuki [11] observed that the oral administration of CPP preparation reduced allergic symptoms through the enhancement of intestinal IgA levels and the reduction of serum IgE levels in NC/Jic Jcl mice. Moreover, Ohnuki et al. [12] reported that the oral ingestion of cow's milk IgG stimulated some of the innate cellular immune systems and suppressed humoral adaptive immune responses in mice. These reports suggest that food components may be utilized as anti-infectious and anti-allergic food additives. Viacount reagent was purchased from Guava Technologies (Hayward, CA).
Materials and methods

Materials
Mice
Pathogen-free male C3H/HeN mice were purchased from Japan SLC (Shizuoka, Japan) and housed at 25 ± 2 °C with a 12 h-light/dark cycle. Mice at 6 weeks of age and 18 to 20 g body weight were used in accordance with the Guidelines for Regulation of Animal Experimentation at Shinshu University, and according to Law No. 105 and Notification No. 6 of the Japanese government.
Preparation of soybean protein digests
Defatted soybean seed flour (100g) was mixed with 20 volumes of 0.03 M Tris-HCl buffer (pH 8.0) and stirred for 2 h at room temperature. The supernatant was collected by centrifugation (9,000 × g, 30 min), adjusted to pH 4.5, and centrifuged at 9,000 × g for 30 min. The obtained precipitate was dispersed in water, dialyzed against tap water for 1 day, lyophilized, and used as an acid-precipitated protein fraction (28.8g).
The acid-precipitated protein fraction (1 g) was resuspended in 15 ml distilled water and boiled for 2 min. The boiled protein solution was adjusted to the optimal pH of each protease, distilled water was added for a total volume of 20 ml, and then this solution was used as the substrate solution. The substrate solution was incubated with protease (protein/enzyme = 50:1, w/w) for 2 h at 45 °C. The reaction was stopped by boiling the solution for 10 min and adjusting the pH to 4.5. The supernatant was collected by centrifugation at 3,000 rpm for 30 min at 4 °C, lyophilized, and used as digest.
Cells and cell cultures
Six-week-old male C3H/HeN mice were sacrificed by vertebral dislocation and their spleens were removed aseptically. A single-cell suspension was prepared according to a previously described procedure [15] . Cell cultures were set up in quadruplicate in a 96-well flat-bottomed plate (BD Biosciences, San Jose, CA) for the MTT assay, and in duplicate in a 24-well flat-bottomed plate (Sarstedt, Inc., Newton, NC) for cell function analysis. The final concentrations in the RPMI-1640 medium were as follows: spleen cells, 5 × 10 6 viable cells/ml; digest, 0 to 500 μg/ml; FBS, 5%; penicillin, 100 units/ml; and streptomycin, 100 μg/ml. The cell culture was incubated at 37 °C in a humidified 5% CO 2 -95% air atmosphere for 48 h or 72 h.
The human erythroleukemia cell line, K562 (TKG 0210), was obtained from the Cell Resource Center for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku University. K562 was grown in RPMI-1640 medium supplemented with 10% FBS, and the cell density was maintained at between 2 × 10 5 and 2 × 10 6 cells/ml.
Feeding procedure
Four-week-old male C3H/HeN mice were assigned to test regimes and given commercial pellets (MF, Oriental Yeast Co., Tokyo, Japan) for 1 week. They were then given PM15765 supplemented with 25% OVA (control diet, n = 5) or a mixture of 12.5% OVA and 12.5% soybean protein digest prepared from the acid-precipitated protein fraction digested with Peptidase R (Ro-digest-added diet, n = 5) for 5 weeks.
The detailed composition of each diet is shown in Table 1 . The diets were continuously available in columnar form from stainless-steel feeders. Water was provided ad libitum from drinking bottles. The mice were maintained at 25 ± 2 °C under a 12 h-light/dark cycle. After 5 weeks, the mice were fasted overnight and used for analysis.
Table 1
Cell function analysis
Cell proliferation was estimated by the MTT assay [16] and using a Guava To assay cytotoxic activity, 1-ml spleen cell suspension (1 × 10 6 cells/ml) was seeded in each well of a 24-well microtiter plate. The erythroleukemia cell line (K562) was added to the well to give spleen cell/K562 ratios of 1, 20, 100, 500, and 1,000. The plate was incubated for 24 h at 37 °C in a humidified 5% CO 2 -95% air atmosphere, and 380 μl Guava Viacount reagent was added to 20 μl of each cell suspension. K562 viability was measured by the Guava Personal Cell Function Analyzer with Viacount software.
Microarray
The genome-wide gene expression of Peyer's patch cells was examined using the Mouse Genome 430 2.0 Array (Affymetrix, Santa Clara, CA) that contains 45101 probe sets for approximately 34,000 mouse genes. Briefly, total RNA was extracted from
Peyer's patch cells using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA).
GeneChip analysis was performed according to the GeneChip Eukaryotic Target Preparation & Hybridization Manual (Affymetrix). Data analysis was performed with
GeneChip Operating software 1.4 (Affymetrix). Expression data were selected when there was a 1.5-fold difference between the control diet group and the Ro-digest-added diet group.
Statistical analysis
All data are expressed as means ± standard deviation (n = 4). The significance of the difference was tested using the Student's t test. cytotoxic. Of these digests, Ro-digest, prepared using Peptidase R, exhibited the strongest mitogenic activity. Thus, Ro-digest was used in the following experiment. The
Results and discussion
Effects of protease digests on mouse spleen resting cells
Ro-digest yield obtained from a 1-g acid-precipitated protein fraction was 0.25 g.
Number of immunocompetent cells in mouse spleen cells cultured with Ro-digest
The number of immunocompetent cells in spleen cells cultured with Ro-digest is shown in Fig. 2 
Fig. 2
CD11b is a typical cell surface antigen of macrophages and DC [17] . IL-12 is one of the major cytokines produced by these cells [18] . A monoclonal antibody specific to CD49b (DX5) is a typical antibody toward pan-NK cells [19] . IFN-γ is one of the major cytokines produced by NK cells and type 1-helper T (Th1) cells [20] . [19, 24] . In addition, there are two distinct types of DC precursors: myeloid monocytes (pre-DC1) and plasmacytoid DC precursors (pre-DC2). The myeloid DC1, derived from monocytes, produce a large amount of IL-12 and preferentially induce Th1 development [25] . These facts indicate that the Ro-digest stimulates IL-12 produced by macrophages and/or DC, suggesting that IL-12 activates NK cells and differentiates Th0 cells into Th1 cells.
Properties of spleen cells in mice given Ro-digest-added diet 8
Five-week-old male C3H/HeN mice were given the control or Ro-digest-added diet for 5 weeks. No significant difference was observed in the body weights of mice given the different diets (data not shown). Hence, there was little nutritional difference between the control and Ro-digest-added diets.
Fig. 3
As shown in Fig. 3 , the number of spleen CD11b + and IL-12 + CD11b + cells were significantly higher in mice given the Ro-digest-added diet than in those given the control diet. As shown in Fig. 4 , the viability of K562, a human erythroleukemia cell line, in the presence of spleen cells from mice given the Ro-digest-added diet was significantly lower than that from mice given the control diet. The viability decreased with the increase in the spleen cell/K562 ratio. These results indicate that spleen cells from mice given the Ro-digest-added diet possess a higher cytotoxic activity toward K562 than those from mice given the control diet, suggesting that the increase of Slpi, and Mx1 increased more than 1.5-fold in mice given the Ro-digest-added diet than in those given the control diet. In particular, the transcriptome of Ela3 was approximately 5-fold higher in mice given the Ro-digest-added diet.
Fig. 5
The proteins produced by transcription of these genes are associated with host defense. The proteins originating from Igh-4 and Aqp8 up-regulate phagocytosis and the migration of leukemia, respectively [26, 27] . Elastases originating from Ela3 and Ela1 attach to microorganisms and foreign substances [28] . Proteins originating from Dmbt1, Slpi, and Mx1 are known as anti-bacterial and anti-viral components [29] [30] [31] . The inner surface of the intestinal tract possesses a large area of mucosal membranes, and they are continuously exposed to various substances in the intestinal lumen [32] . The gut-associated lymphoid tissues exist on the intestinal mucosal site and play an important role in the immune system. Peyer's patches are considered to be lymphoid tissues, where mucosal immune responses such as local IgA production and systemic immunological responses are induced [32] . These facts suggest that Ro-digest enhances host defense via phagocytosis and anti-microbial activity and plays a valuable role in the protection of intestinal mucosal sites against attacks by pathogens. In general, adjuvants are known as substances that stimulate antibody responses [33] . On the other hand, immunomodulators are known as substances that modulate not only antibody production but also immune systems, including innate immunity [34] .
Several bacterial components such as DNA, lipopolysaccharides, and liposomes are known to be typical immunomodulators [35] . Recently, some food components have been demonstrated to modulate immune systems and are noted as oral immunomodulators because of their safety [34] . For example, the oral administration of CPP preparation enhanced mucosal IgA responses in piglets [10] , and a piglet fed with CPP preparation has been sold in Japan. The oral administration of lactoferrin enhanced IFN-γ production in mice [36] , and some foods and feeds have been sold for the purpose of preventing infectious diseases in animals. In this work, the authors found that Ro-digest prepared from soybean protein hydrolyzed by Peptidase R (R. oryzae) stimulated cellular immune systems, in particular, the innate immunity in mice. This finding suggests that Ro-digest may be an effective immunomodulator for preventing infectious diseases. In order to use Ro-digest as an immunomodulator, the characterization of the immunostimulating peptide is now in progress. The value is significantly different from that without the digest ( * P < 0.05). International Immunopharmacology
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